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@ Alumina catalyst for catalydc production of methyl Isobutyl ketone from acetone. 



@ Alumina (preferably gamma type) is soalced in an aqueous solution of niobium compound, e.g. niobium 
hydroxide or hydrated niobium oxide each in oxalic acid. e.g. for 3 hours, the soalced alumina is removed, dried 
and calcined at 150-500'C to form a can'ier comprising 50-95 wt% of alumina and 5-50 wt% of niobium oxide. 
Palladium is supported on the canier before or after the process, in amount of 0.01-5 wt%. 

The resultant catalyst is used in a one-stage reaction in which acetone and hydrogen are reacted at a 
temperature of 80-250'»C and a pressure of atmospheric to 50 alms, in fixed bed flow over the catalyst in a 
reactor or by suspending the catalyst in acetone and blowing the hydrogen therethrough; the product Is methyl 
isobutyl ketone in a selectivity of at least 90% and an acetone convercion rate of at least 28%. 

The catalyst has good activity and long life. 
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AliUKINA CATALYST FOR CATALYTIC PRODUCTION 
OF METHYL ISOBUTYL KETONE FROM ACETONE. 

The present invention relates to a process for 
production of methyl isobutyl ketone and more particularly 
to a process for producing methyl isobutyl ketone from 
acetone and hydrogen by a one-stage - reaction by use of 
a novel catalyst. 

Methyl isobutyl ketone (hereinafter abbreviated to 
"MIBK") is useful as an organic solvent, or as a material 
for use in. preparation of paints and chemical compounds 
such as stabilizers. MIBK is usually industrially 
produced from acetone and hydrogen by the following three- 
stage reaction. 

condensation 
Acetone >• Diacetone alcohol 

dehydration 
^ Mesityl oxide 

hydrogenation 
MIBK 

A characteristic feature of this three-stage 
reaction resides in that the steps of condensation ^ de- 
hydration and hydrogenation are carried out successively. 

First, acetone is condensed by contacting with a 
solid alkaline catalyst such as barium hydroxide in a 
liquid phase under conditions of 10 to 20®C and 
atmospheric pressure to prepare diacetone alcohol. Then, 
the diacetone alcohol thus prepared is dehydrated by 
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heating at 100 to 120**C in a liquid phase in the presence 
of an acid catalyst such as sulfuric acid or phosphoric 
acid to prepare mesityl oxide. Subsequently r this mesityl 
oxide is separated and purified, and then hydrogenated in 
5 the presence of, e.g., a Raney nickel catalyst to prepare 
HIBK. 

The above process has been widely used on an 
industrial scale, but has disadvantages 'in that the process 
is complicated because it needs three stages of condensa- 
te tionr dehydration, and hydrogenation, and also separation 
and purification of intermediate products such as 
diacetone alcohol and mesityl oxide and that in the 
condensation of diacetone alcohol from acetone, the 
conversion is as low as about 15% because the reaction is 
15 an equilibrium reaction. 

For this reason, it has been investigated to 
produce MIBK from acetone and hydrogen by a one-stage 
reaction. This one-stage process is very advantageous 
from the standpoint of equilibrium and permits to increase 
20 a one-pass conversion of the starting material and, thus, 
is economically advantageous over the three-stage process. 
Several methods of production of MIBK by a one-stage reac- 
tion have already been proposed. For example, -German 
Patent No. 1,238,453 discloses a method using an acid-type 
25 ion exchange resin and a palladium-carbon combination as a 
catalyst; Japanese Patent Publication No. 6994/74 
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discloses a methoii using a catalyst comprising zirconium 
phosphate having palladium supported thereon; and 
Japanese Patent Publication No. 2643/71 discloses a method 
using a catalyst comprising an H-type zeolite having 
palladium supported thereon. 

These methods r however, have the disadvantages that it 
is not possible to increase the reaction temperature 
because of the use of resins r leading to a low conversion 
of the starting material; preparation of the catalysts is 
complicated; and that the MIBK yield is low. Thus, these 
methods are still unsatisfactory for commercial use. 

The present invention is intended to overcome the 
problems of the conventional one-stage processes for 
production of MIBK from acetone and hydrogen, i.e., low. 
conversion of the starting material, low yield of MIBK, 
and complication in preparation of the catalyst.. 

Therefore, an object of the present invention is 
to provide a process for production of MIBK in high yield 
by a simplified procedure. 

It has been found that MIBK can be produced in 
high yield by a one-stage reaction by contacting acetone 

and hydrogen with a novel catalyst comprising a carrier 
comprising alumina and niobium oxide and having palladium 
supported thereon. 
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The presenfc iavention relates to a process for 
producing methyl isobutyl ketone which corapris-es 
contacting acetone and hydrogen in the presence of a 
catalyst comprising a carrier . comprising alumina and 

5 niobium oxide and having palladium supported thereon. 

The catalyst xised harein comprises a carrier canprising 
alumina and niciuum oxide/ preferably in respective amounts of 50 
to 95 wt% : 5 to 50 wt%, on which palladium is supported. The carrier 
used in the present invention is usually prepared by soaking alumina 

10 in an aqueous solution of a niobium compound and then 
calcining the mixture. As the alumina r ^-alumina is 
preferably used. As the aqueous niobium compound solu- 
tion^ an aqueous solution of niobium hydroxide or hydrated 
niobium oxide in oxalic acid is usually used. The calci- 

15 nation is usually carried out in the temperature range of 
from 150 to SOO^^C and preferably from 250 to 400<'C. 

The amount of palladium to be supported is usually 
from 0.01 to 5.0 wt% and preferably from 0.05 to 1.0 wt%. 
If the amount of palladium supported is less than 0.01 

20 wt%/ high activity cannot be obtained. On the other hand, 
if it is in excess of 5.0 wt%, the palladium supported 
cannot effectively be used. 

The catalyst which is used in the present inven- 
tion may be prepared by (1) a method in which alumina is 

25 soaked in an aqueous solution of a niobium compound and 
calcined, followed by supporting palladium thereon; or 
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(2) a metlaad in which palladium is supported on an alumina 
carrier vifeich is then soaked in an aqueous solution of a 
niobium compound and calcined. 

The process of the present invention can be 
carried out in various manners,, such as a so-called fixed 
bed flov. reaction in which the catalyst is packed in an 
adiabatic or isothermic reactor and acetone and hydrogen 
are passed therethrough, and . a suspension reaction in which 
the catalyst is suspended in acetone and hydrogen is blown 
0 therethrough. In the case of the fixed bed flow reaction, 
acetone and hydrogen may be reacted in either a liquid 
phase or a gas phase, preferably in a liquid phase. In 
the case of the suspension reaction, the reaction may be 
carried out either batchwise or continuously. 
5 The reaction tenqperature is usually from 80 to . 

25Q**C and preferably from 120 to 200°C, At temperatures 
lower than 80**C, the reaction rate is low. On the other 
hand, at temperatures higher than 250*'C, the amount of 
high condensation products formed is increased. 

20 The reaction pressure is usually from atmospheric 

pressure to 50 atms. Although a preferred reaction 
pressure varies with the reaction temperature employed, it 
is from 10 to 30 atms. 1 atms = 98066 Pa. 

The catalyst used herein can be prepared easily 

25 and is high in activity and good in selectivity. More- 
over, the catalyst is of high stability and has a long 
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service life. Thus, in accordance with the present inven- 
tion, MIBK can be produced in high yield and in a stable 
manner for a long period of time. 

The present invention is described below in 
5 greater detail with reference to the following examples. 

EXAMPLE 1 

20 g of niobium hydroxide was added to 400 g of a 
10 wt% aqueous solution of oxalic acid and dissolved 
therein upon heating at 100**C for 5 hours. 

TQ 50 g of a 0.5 wt% palladium-supported alumina 

catalyst (produced by Japan Engelhard Co., Ltd.) was 
soaked in 150 g of the above-prepared solution at room 
temperature for 3 hours. The catalyst was taken out from 
the solution and then dried at 150°C for 3 hours. The 

T5 catalyst was again soaked in 150 g of the aqueous niobium 
hydroxide solution at room temperature for 3 hours and 
then dried at ISO^^C for 3 hours. Thereafter, the catalyst 
was calcined at 350'*C in air for 5 hours, and the 
palladium was then reduced in a hydrogen stream at lOO^C. 

20 50 g of the catalyst was packed in a reaction tube 

(inner diameter; 28 mm) which was vertically placed, and 
acetone and hydrogen were introduced in the reaction tube 
at feed rates of 79 g/hr (LHSV=2) and 128 Nml/min, respec- 
tively and reacted at a temperature of lOO^C and a 

25 pressure of 20 kg/cm2G. 
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The reaction mixture was analyzed by gas chromato- 
graphy. The results are shown in Table 1. 

Table 1 

Reaction Acetone Selectivity (%) 

Time Conversion MIBK IPA DISK 

(hours) {%) 



10 


38.4 


94.2 


0.2 


3.3 


200 


37.1 


94.3 


0.2 


3.2 


IQOQ 


36.8 


93.7 


0.1 


3.0 



Note: 

IPA^isopropanol, DIBK=diisobutyl ketone 

EXAMPLES 2 TO 4 
A catalyst was prepared in the same manner as in 
Example 1. Using the catalyst thus prepared, the reaction 
was carried out under the same conditions as in Example 1 
except that the reaction temperature and the reaction 
pressure were changed as shown in Table 2. The results 
are shown in Table 2, 
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Table 2 





Reaction 




Acetone 








, Example 


Tempera- 


Reaction 


Conver- 


Sensitivity 


(%) 


No. 


ture 


Pressure 


sion 


MIBK 


IPA 


DIBK 


5 




(kg/cm2 G) 


(%) 




2 


140 


20 


28.9 


95.2 


0.3 


2.1 


3 


180 


30 


48.2 


90.3 


0.7 


4.0 


4 


160 


40 


40.5 


92.2 


0.8 


3.5 



Note: 



The values of Table 2 are all the values after 10 
hours from the start of the reaction. 

EXAMPLE 5 

A catalyst was prepared in the same manner as in 
Example 1 and powdered. 2 g of the powdered catalyst and 
100 ml of acetone were placed in a 200-milliliter auto- 
clave provided with an electromagnetic stirrer. The auto- 
clave was heated to 100*»C. Hydrogen was introduced in the 
autoclave in such a manner that the pressure in the auto- 
clave reached 20 kg/cm26, and the reaction was carried out 
while stirring. Hydrogen in an amount corresponding to 
that consumed as the reaction proceeded was continuously 
supplemented to always maintain the total pressure at 20 
kg/cm^G. After the reaction had been carried out for 2 
hours, the autoclave was cooled, and the reaction mixture 
was taken out thereof. After separation of hydrogen and 
the catalyst, the residue was analyzed by gas 
chromatography. The results are shown below. 
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Acetoae Conversion 44.3% 

MIBK Selectivity 95.9% 

IPA Selectivity 0.4% 

DIBK Selectivity 2.1% 



5 EXAMPLE 6 

20 g of niobium hydroxide was added to 400 g of a 
10 wt% aqueous oxalic acid solution and dissolved therein 
upon heating at 100*'C for 5 hours. 

50 ml of alumina pellets (KHD-24, produced by 
10 Sumitomo Chemical Co.r Ltd.) were soaked in 150 g of the 
solution prepared above at room temperature for 3 hours. 
The resulting pellets were taken out of the solution and 
then dried at 150**C for 3 hours. 

The pellets were again soaked in 150 g of the 
15 aqueous nipbium hydroxide solution at room temperature for 
3 hours and then dried at 150**C for 3 hours. The thus 
prepared carrier was soaked in an aqueous solution of 
palladium chloride and reduced with hydrazine, followed by 
calcination ' at 350^C. The amount of palladium supported 
20 was 0.5 wt%. 

Using 50 g of the catalyst thus prepared/ the 
reaction was carried out under the same conditions as in 
Example 1. The results are shown below. 

(After 10 hours from the start of the reaction) 
25 Acetone Conversion 39-6% 

MIBK Selectivity 93.6% 
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IPA Selectivity 0.8% 
DIBK Selectivity 3,2% 

COMPARATIVE EXAMPLE 
50 ml of alumina pellets {KHD-24) were soaked in a 
5 palladium chloride solution and reduced with hydrazine, 
followed by calcination at 300«C to prepare a catalyst. 
The amount of palladium supported was 0*1 wt%. 

MIBK was produced by the use of 50 ml of the 
catalyst above prepared under the same conditions as in 
10 Example 1. 

After 10 hours from the start of the reaction, the 
reaction mixture was sampled and analyzed by gas chromato- 
graphy. • The results are shown below. 



Acetone Conversion 19.6% 

15 MIBK Selectivity 86.3% 

IPA Selectivity 9.9% 

DIBK Selectivity • 2.9% 



In accordance with the present invention, by 
reacting acetone and hydrogen in the presence of a 
20 catalyst comprising a carrier comprising alumina and 
niobium oxide and having palladium supported thereon, 
methyl isobutyl ketone can be produced in high yield by a 
one-stage reaction. 
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CLAIMS : 

1. A catalyst for reaction of acetone, comprising 
palladium supported on- an inorganic carrier, characterised * 
in that said carrier comprises alumina and niobium oxide, s 

5 2. A catalyst as claimed in Claim 1, wherein said 

carrier comprises from 50 to 95 wt% of alumina and from 5 
to 50 wt% of niobium oxide, and said palladium is supported 
in an amount of from 0.01 to 5.0 wt% on said carrier* 

3- A catalyst as claimed in Claim 2, wherein said 

TQ cairrier was prepared by soaking alumina in an aqueous 
solution of a niobium compound and then calcining the mixture, 

4. A catalyst as claimed in Claim 2 or 3, wherein said 
alumina is -/-alximina. 

5. A catalyst as claimed in Claim 2/ 3 or 4, wherein 
15 said aqueous solution of a niobium compound is an aqueous 

solution of niobium hydroxide or hydrated niobium oxide in 
oxalic acid. 

6. A catalyst as claimed in Claim 3; 4 or 5, wherein 
the calcination was carried out at 150 to 500°C. 

20 7. A process for producing methyl isobutyl ketone in 

a single step by reacting acetone and hydrogen in the 
presence of a catalyst comprising palladium supported on 
a carrier, characterised in that the catalyst used is as 
claimed in any preceding claim. 

s 

25 8. A process as claimed in Claim 7, wherein the 

reaction is carried out at a temperature of from 80 to 250°C 
under a pressure of from atmospheric pressure to 50 
atmospheres, i.e. 4903325 Pa. 
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